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2 The building must be designed to have an annual heating and cooling demand of not more than 15 kWh/m2a in heating or 
cooling energy OR be designed with a peak heat load of 10 W/m2. The total primary energy consumption must not be more than 
120 kWh/m2 a. 
by a blower door. 
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3 A mid-terrace house (156 m2) complying to the 1984 German Thermal Insulation Ordinance (WschVO 84) was 
taken as reference house. 
4 Annual heat requirement below 70 kWh/(m2a). 
5 Needs no end-use energy deliveries - apart from the incident energy flows from natural sources (solar radiation, 
wind). 
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Figure 1 Front Elevation 
Figure 2 Ground Floor Plan (not in scale) 
Table 1 Refurbishment of building envelope 
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Table 2 Summary of the three iterations' U values (W/m2K) 
Table 3 Efficiency and CO2 factors (Department of Environment Food and Rural Affairs, 2007a, National 
Statistics, 2013) 
7 
 
Table 4 Indicators and Units 
Figure 3 Passive measures (thermal envelope only)  
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Figure 4 Energy Use Breakdown (KWh/m2a) 
Figure 5 Heating Loads and retrofit measures 
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Table 5 Retrofit measures' effect on heating loads 
Figure 6 Total Costs 
6 The installation of skylights is proven not to affect he thermal performance, thus it is omitted from further analysis. 
7 The replacement of incandescent light bulbs with fluorescent was included even if it is not a thermal envelope measure, as it 
influences internal gains and thus heating loads. 
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Figure 7 Embodied Energy 
Figure 8 Embodied CO2  
Table 6 Comparison of insulation ECO2 
Figure 9 Representative construction details 
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Figure 10 CTS and LCS Comparison 
Table 7 Simple payback 
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Figure 11 CTS Comparison of Individual Measures 
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Figure 12 Simple Payback Comparisons of Individual Measures 
Table 8 Payback time comparison 
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Figure 13 NPV with rising fuel prices
Figure 14 CTS Comparison - Rising fuel prices and discounting 
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Figure 15 Effect of lifespan on CTS 
Figure 16 NPV with rising fuel prices over 90 years 
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Figure 17 CTS and LCS including replacements over 90 years 
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Figure 18 Effect of r to NPV 
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Figure 19 Living room resultant temperature 
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